ABSTRACT ABSTRACT ABSTRACT ABSTRACT. The room temperature ionic liquid 1-n-butyl-3-methylimmidazolium tetrafluoroborate ([bmim]BF4) was used to promote the synthesis of quinoxaline derivatives under grinding condition. The yields were ranged in 86.0-95.1%. It was shown that the proposed method is fast, efficient and environmentally benign.
INTRODUCTION
Quinoxaline derivatives are an important class of benzoheterocycles [1] , which have a wide range of biological and pharmacological activity [2] . They have been widely used as anticarcinogen [3] , antimicrobial [4] , antihelmintic [5] , HIV-1 reverse transcriptase inhibitor [6] , and pesticide [7] . Moreover, they also serve as building blocks in the synthesis of organic semiconductors [8] , rigid subunits in macrocyclic receptors or for molecular recognition [9] , dyes [10] , and electroluminescent materials [11] .
In recent years, the synthesis of quinoxalines has attracted considerable attention [12] and a wide range of synthetic methods has been developed for the synthesis of quinoxaline derivatives [13] . The conventional synthetic methods of quinoxaline derivatives were carried out in organic solvent via the condensation of arene-1,2-diamines with 1,2-dicarbonyl compounds for 2-12 hours under refluxing conditions with the yields of 34-85% [14] , or in high boiling point solvent such as dimethylsulfoxide (DMSO) using the molecular iodine as the catalyst [15] .
A number of catalysts have been developed for the preparation of quinoxalines, including Bi 3+ [16] , MnO 2 [17], POCl 3 [18] , Ga(OTf) 3 [19] , cerium ammonium nitrate [20] [23] as well as SA/MeOH [24] . Very recently, other catalysts, such as metal hydrogen sulfates [25] , CuCl 2 combined with molecular sieve [26] , molybdophosphoric acid exchanged by iron [27] , and supported-sulfonic acid [12] have also been used for the synthesis of quinoxalines. However, most of the existing methodologies suffer from one or more limitations such as complicated reaction process, expensive and detrimental metal catalysts, using of volatile organic solvents, low product yields, and harsh reaction conditions, which come into collision with both economical and environmental requirements. Due to these disadvantages, the search for new catalysts which are green and cheaper remains an existing challenge.
Room temperature ionic liquids (RTILs) are deemed to potential "greener" alternatives to volatile organic solvent, which have been investigated extensively as solvents or catalysts for many important organic synthesis, such as 5-arylmethylidene-2-thio-4-thiazolidinone derivatives, 5-arylidene barbituric acid, xanthenedione derivatives, etc. [28] . Because RTILs have special properties such as their negligible vapor pressure, tunable polarity, high thermal stability, good solvating ability, ease of recycle-ability and their potential to enhance reaction rates and selectivity [29] .
In continuing our endeavor in green synthesis and using ILs as recyclable reaction media to enhance rates and selectivity [28], we reported here a new method for the synthesis of quinoxalines catalyzed by RTILs under solid-state grinding (Scheme 1). 
EXPERIMENTAL
Melting points were recorded on an electrothermal apparatus and are uncorrected. Table 1 .
RESULTS AND DISCUSSION
Since the recovery and reuse of catalyst and solvent are highly preferable for a green process, so we investigated the reusability and recycling of the ionic liquid. After completion of the reaction, water was added into the reaction mixture, and the solid was collected by filtration to give the product. The filtrate containing [bmim]BF 4 was concentrated under reduced pressure to recover the ionic liquid. The recycled [bmim]BF 4 was reused in the model reaction of 1a and 2. The catalytic activity of [bmim]BF 4 did not show any significant decrease even after five runs. The results were shown in Table 2 . The results also indicated that the ionic liquid employed was stable under the reaction temperature.
In conclusion, we have reported a reliable, rapid and environmentally benign method for the preparation of quinoxalines under solvent-free conditions at room temperature. The advantages of this method are high yields, short reaction time, low catalyst loading and solvent-free. Further investigation on the application of RTILs for other reactions is ongoing in our laboratory. 
